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(57) ABSTRACT

The mvention relates to a method for the highly accurate
determination of the filling level (q) of a product (4) in a
container (2), measuring signals being transmitted in the
direction of the surface (§) of the filled product (4) and
reflected at the surface (5) as echo signals and the filling
level (q) 1n the container (2) being determined by evaluation
of the amplitude values (A) and phase values (1) of the
reflected echo signals by means of a pulse delay-time
method. Furthermore, an apparatus suitable for carrying out
the method 1s proposed.

The 1nvention 1s based on the object of proposing a method
and an apparatus which permit highly accurate filling level
measurements in containers (2), even if multipath propaga-
fion or multimode propagation occurs.

The object 1s achieved by compensating for errors which
occur in the determination of the filling level (q) and are
caused by interference signals which mterfere constructively

or destructively with the echo signals reflected regularly at
the surface (5) of the filled product (4).

28 Claims, 6 Drawing Sheets
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METHOD AND APPARATUS FOR THE
HIGHLY ACCURATE DETERMINATION OF
THE FILLING LEVEL OF A PRODUCT IN A

CONTAINER

The 1nvention relates to a method for the highly accurate
determination of the filling level of a product 1n a container,
measuring signals being transmitted in the direction of the
surface of the filled product and reflected at the surface as
echo signals and the filling level in the container being
determined by evaluation of the amplitude and phase values
of the reflected echo signals by means of a pulse delay-time
method. Both the pulse-radar method and the FMCW
method, 1n which continuous waves are frequency-
modulated 1n a periodically linear manner, for example with
a sawtooth voltage, may be used. Furthermore, the invention
relates to an apparatus for the highly accurate determination
of the filling level of a product 1n a container.

Pulse delay-time methods use the physical law according
to which the transit distance 1s equal to the product of the
delay time and the propagation velocity. In the case of filling
level measurement, the transit distance corresponds to twice
the distance between the antenna and the surface of the filled
product. The actual useful echo signal and 1ts delay time are
determined on the basis of the so-called echo function or the
digital envelope curve, the envelope curve reproducing the
amplitudes of the echo signals as a function of the ‘antenna-
surface of the filled product” distance. The filling level itselt
1s then obtained from the difference between the known
distance of the antenna from the bottom of the container and
the distance of the surface of the filled product from the
antenna, determined by the measurement.

DE 31 07 444 Al provides a description of a high-
resolution pulsed radar method. A generator generates first
microwave pulses and transmits them via an antenna at a
predetermined transmission repetition rate 1n the direction of
the surface of the filled product. A further generator gener-
ates reference microwave pulses, which are 1dentical to the
first microwave pulses but differ slightly from them 1n the
repetition rate. The echo signal and the reference signal are
mixed. At the output of the mixer there 1s an intermediate-
frequency signal. The 1intermediate-frequency signal has the
same wavelorm as the echo signal, but 1s stretched 1n
comparison with the latter by a time dilation factor which 1s
equal to a quotient of the transmission repetition rate and the
difference 1n frequency between the first microwave pulses
and the reference microwave pulses. At a transmission
repetition rate of several megahertz, a difference 1n fre-
quency of a few hertz and a microwave frequency of several
oigahertz, the frequency of the intermediate-frequency sig-
nal 1s below 100 kHz. The advantage of the transformation
to the intermediate frequency 1s that relatively slow, and
consequently low-cost, electronic components can be used
for signal acquisition and/or signal evaluation.

The signal evaluation takes place by means of the
so-called envelope-curve evaluation. The envelope curve
itself 1s the result of a rectification, optionally a logarith-
mization and a digitization of the mtermediate frequency.
The distance 1s determined by determining the distance from
a reference signal of the useful echo signal, which represents
the filling level. The number of sampling points between the
two maxima with a constant sampling time 1s directly
proportional to the ‘antenna-surface of the filled product’
distance.

To 1increase the measuring accuracy, it has already
become known to use for the evaluation not only the maxima
(peaks), which supply amplitude information, but also their
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phase relationships. For this purpose, the amplitude-
modulated intermediate frequency 1s demodulated and bro-
ken down 1nto its complex elements. This 1s achieved, for
example, by so-called quadrature demodulation, 1.e. the
intermediate frequency 1s multiplied once by a sine oscilla-
tion (Q) and once by a cosine oscillation (I), both oscilla-
tions having a frequency similar to the intermediate fre-
quency. The high frequencies produced by the multiplication
are filtered out with a low-pass filter. The envelope-curve
signal HK 1s obtained from the root of the sum of the squares
of I (in-phase component) and Q (quadrature component):
HK=-VI’+QZ2. Subsequently, the customary amplitude evalu-
ation 1s carried out; at the found locations of the maxima, the
respective phase relationship and the difference of the two
phase relationships are additionally determined. The dis-
tance of the antenna from the surface of the filled product is
made up of a component comprising integral wavelengths,
resulting from the amplitude evaluation, and a phase remain-
der.

The known methods produce reliable results as long as 1t
1s ensured that the signals received by the antenna are
reflected exclusively at the surface of the filled product
(incidence and reflection take place in the direction of the

normal). As soon as so-called multipath propagation occurs,
the measuring accuracy deteriorates. Multipath propagation
means that the echo signals contain not only the actual useful
signal but also an interference signal component, which 1is
attributable to retroretflections of the measuring signals at the
container wall or at other internal elements located 1n the
space 1nside the container.

Previous proposals for solving this problem are confined
to excluding the occurrence of interference signals from the
outset. According to a first configuration, undesired retrore-
flections can be prevented by the antenna being positioned
so far away from the container wall (or some other inter-
fering retroreflector) that the impingement of measuring
signals on these ‘interference retroreflectors’ can be reliably
excluded.

The disadvantages of this possibility of avoidance are
obvious; particularly with the considerable dimensions of
the storage containers of the kind used 1n petrochemuistry, for
example, the retrofitting, repair or exchange of a filling-level
measuring device 1n the central region of the container cover
1s much more difficult to accomplish than 1n the region of the
edge. In addition to this there 1s a further source of error 1n
the measurement of the filling level, the significance of
which 1s all the greater the further the measuring device 1s
away from the edge region of the container cover: the covers
of large storage containers, such as storage tanks or silos,
usually have an outwardly curved or tapered shape. If the
side walls of the container bulge, which 1s always to be
found 1n the region of the maximum filling level of the
containers, the lowering of the cover, and consequently the
changing of the ‘antenna-container bottom’ reference
distance, has a greater effect 1n the central region than 1 the
edge region.

Furthermore, 1t has previously been attempted to tackle
the problem of multipath propagation by using an antenna
with an optimized directional pattern. Such antennas,
adjusted specifically for the individual case, are of course
very expensive, which drives up the costs of the filling-level
measuring device.

In certain applications 1t 1s necessary to replace the
free-ficld measurement for determining the filling level by a
measurement using a stilling well. Stilling wells are always
used, for example, 1f the measurement results would be
falsified by wave formation of the filled product within the
container.
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As already mentioned above, the filling level 1s deter-
mined by means of the delay time of the electromagnetic
waves over twice the ‘antenna-surface of the filled product’
distance. In order that the measurement result 1s correct, the
propagation velocity of the electromagnetic waves 1n the
intermediate space between the antenna and the filled prod-
uct must therefore be known exactly. In many applications,
the propagation velocity 1s equated by approximation with
the propagation velocity 1n air. However, this assumption 1s
reliable only if the transverse dimensions of the space in
which the electromagnetic waves propagate are large in
comparison with the wavelength.

If the measurement of the filling level 1s performed by
means of a stilling well, the assumption mentioned above 1s
only approximately correct. A well or some other container
of small diameter over which the waves propagate acts as a
waveguide. Since the propagation of electromagnetic waves
at the speed of light applies only 1n the ideal case where a
wave packet can propagate undisturbed 1n free space, dis-
persion occurs 1n waveguides—the propagation velocity 1s
thus dependent on the wavelength. The group velocity 1n a
waveguide, decisive for the propagation of a wave packet, 1s
less than the speed of light.

If the wavelength 1s of the order of magnitude of the
propagation space, a number of modes capable of propaga-
tion exist, having different propagation velocities on account
of dispersion (—multimode propagation). The consequence
of multimode propagation 1is the occurrence of constructive
and destructive interferences between the measuring signals,
which 1n turn leads to an oscillating measuring error being,
superposed on the actual filling-level measuring signal
within a critical measuring range and falsifying the signal.
Owing to the oscillation, the paradoxical case can occur that,
in spite of an actual decrease 1n filling level for example, an
increasing filling level value 1s indicated by the measuring
apparatus. Such an obvious measuring error 1s of course
completely unacceptable.

Incidentally, the critical measuring range lies between
the transit distance of zero and a maximum transit distance,
at which the measuring error disappears, since the wave
packets have become so far apart that interferences no
longer occur. This maximum transit distance 1s dependent on
the nature of the waveguide and the frequency used for the
clectromagnetic waves.

This problem can again be alleviated by using
waveguldes of very high quality. In addition, the antenna
must be adjusted optimally to the respective diameter of the
waveguide. However, a low-cost solution 1s distinguished by
the very fact that the wells do not have to be of a particularly
high quality and that, furthermore, 1t 1s possible to use a
low-cost antenna which 1s capable of covering any inside
diameters of stilling wells acting as waveguides.

The invention i1s based on the object of proposing a
method and an apparatus which permit highly accurate
filling level measurements 1n containers-irrespective of the
occurrence of multipath propagation or multimode propa-
gation.

The object 1s achieved with respect to the method by
compensation for errors which occur 1n the determination of
the filling level and are caused by interference signals which
interfere constructively or destructively with the echo sig-
nals reflected regularly at the surface of the filled product.
Causes of errors which occur because of multipath propa-
gation are constructive or destructive interferences between
the actual useful echo signal that 1s reflected at the surface
of the filled product and the component of the useful echo
signal that 1s reflected by a retroreflector, for example the
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contamer wall. If X' 1s the distance covered by the actual
useful echo signal that has been reflected at the surface of the
filled product, and x" 1s the distance, longer by Ax, of the
useful echo signal that has been reflected at some other
retroreflector, 1n particular the container wall, interferences
occur 1f the difference between the distances satisiies the
condition Ax=n-A/2, n being any integral number. The
maxima of the two signals are so close together that the
resolution of the electronics 1s not adequate to separate the
two peaks from one another. The method according to the
invention now allows these errors to be reliably eliminated,
which expressed 1n figures means that the error tolerances in
the range of the filling level measurement are reduced by an
order of magnitude 1 comparison with the previously
known methods. The same problem also occurs, as
described above, as a consequence of the multimode propa-
cgation of wave packets 1n stilling wells or other containers
carrying the wave packets. The method according to the
invention 1s therefore also 1deal for eliminating measuring
errors caused by multimode propagation.

The advantages of the solution according to the invention
can be seen on the one hand 1n that the antenna can also be
positioned 1n the edge region of the container or 1n the region
of some other retroretflector located 1n the space inside the
container without interference signals falsifying the mea-
surement results. It 1s consequently now possible without
any problem to go below the previously required minimum
distance from an interfering reflector. Since it 1s possible for
the component comprising the imterference signals to be
specifically eliminated from the useful echo signal, it 1s
additionally possible to use an antenna which, although
capable of being adapted optimally to the reflection prop-
erties of the respective filled product, does not need to have
an optimized directional pattern dependent on the respec-
tively desired installation position.

In the case of multimode propagation, the advantage
likewise lies 1n the considerable cost savings, since on the
one hand high-quality waveguides do not have to be used; on
the other hand, one antenna can be used for a large number
of waveguides or stilling wells with different dimensions.

According to an advantageous development of the
method according to the invention, it 1s provided that a
correction value 1s determined and stored for selected filling
level values, at least within a critical filling-level measuring
range 1n which the interference signals are produced.

A preferred embodiment of the method provides in
particular that the starting filling level 1s measured; the
correction value 1s subsequently 1nitialized at zero; starting
from this starting filling level, at least the critical filling-level
measuring range 1s run through, for example successively
and step-by-step; then a correction value 1s calculated and
stored for every selected filling level value within the
filling-level measuring range.

To allow the number of values actually measured within
the critical filling-level measuring range to be reduced to a
minimum amount, an advantageous embodiment of the
method according to the invention proposes that, for pro-
viding a continuous set of correction values, the correction
values between two, for example successive, filling level
values are respectively interpolated.

A particularly advantageous embodiment of the method
according to the invention provides that, for successive
filling level values q, Q. ;, the correction values are
determined as follows: let q,=q, be the starting filling level.
For the starting filling level, the correction value 1s initial-
1zed at a predetermined value, for example zero;
subsequently, for the changed filling level q.-, {, the differ-
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ence of the corrected amplitude distance values A' (q,) and
the phase distance value 1s calculated. Consequently, a new
correction value 1s determined and stored for each filling
level successively addressed. The calculation of the new
correction value 1s preferably performed in accordance with
the following formula:

K(gK+1)=p(gK+1)-A(gK+1)=p(gK+1)-A(gK+1)-K(gK+1)

The embodiment according to the invention uses the fact
that phase evaluation 1s much more sensitive 1 broad
ranges, and consequently produces more accurate measure-
ment results, than amplitude evaluation. If relatively great
measuring errors occur in amplitude evaluation just because
of multipath propagation or multimode propagation, the
measuring errors which phase evaluation produces are still
relatively small. Only 1f the measuring error 1n amplitude
evaluation 1s greater than A/4 (which, for example at a
frequency of 6.3 GHz, corresponds to a measuring error of
12 mm), does a phase shift occur in the phase evaluation,
causing a measuring error of 24 mm. The error from the
phase evaluation 1n the range of a phase shift 1s consequently
twice the magnitude of the error from the amplitude evalu-
ation. Since the method according to the mvention avoids
such phase shifts, the high measuring accuracy aimed for, of
about 1 mm, 1n the determination of the filling level 1s
achieved.

If a correction value 1s assigned to every filling level
within the measuring range 1n which multipath propagation
or multimode propagation 1s to be feared, 1t 1s subsequently
possible to correct measured filling level values correspond-
ingly. The previously critical case where the filling-level
measuring device 1s switched off for some reason then does
not present any problems. If all the correction values 1n the
critical filling-level measuring range are known, that cor-
rection value which has previously been determined and
stored for the corresponding filling level 1s used after
switching on the measuring device for correcting the cur-
rently measured filling level.

Nevertheless, it may happen that the measuring device 1s
switched off at a point in time at which the correction values
are not yet available over the entire critical filling-level
measuring range. Here, a distinction must be drawn between
two cases: 1f 1t 1s ensured that the filling level has not
changed during the switched-off period, an advantageous
embodiment of the method according to the mvention pro-
vides that the correction value last stored before switching,
oif 1s used for 1nitialization.

In the case where not all the correction values 1 the
critical filling-level measuring range are known and, in
addition, it 1s not possible to rule out the possibility that the
filling level has changed during the switched-ofl period, the
correction value 1s 1mitialized at zero after the filling-level
measuring device 1s switched off; for each correction value
there 1s additionally stored a status value, which provides
information on the reliability of the respective correction
value. These status values may, for example, say: ‘certain’,
‘uncertain’, ‘undetermined’. In the course of further
measurements, the correction values determined are adapted
to the correction values already stored, the newly determined
correction values being corrected 1f need be.

One variant of the method according to the invention
provides that a unique phase correction value (P(q)) is
determined on the basis of the determined correction value,
where P=n-)/2 with ne Z, and the phase distance value 1s
corrected 1n a way corresponding to the unique correction
value. It 1s further proposed that gray zones are defined, at
which no unique phase correction value 1s defined after
switching off and the correction value (K(q)) 1s small.
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The mnvention 1s explained 1n more detail with reference
to the following drawings, in which:

FIG. 1 shows a schematic representation of a first embodi-
ment of the apparatus according to the mvention,

FIG. 2 shows a schematic representation of a second
embodiment of the apparatus according to the invention,

FIG. 3 shows a diagram which shows the measuring
errors from the amplitude evaluation and the phase evalu-
ation for different filling levels,

FIG. 4 shows a flow diagram for determination of the
correction values according to a first embodiment,

FIG. 5 shows a flow diagram for determination of the
correction values according to a second embodiment,

FIG. 6 shows a schematic representation of the stored
correction values K(q) as a function of the filling level (q)
and

FIG. 7 shows a schematic representation of the correction
values after switching off the filling-level measuring device.

FIG. 1 shows a schematic representation of a first embodi-
ment of the apparatus according to the mvention. A filled
product 4 1s stored 1n a container 2. Serving to determine the
filling level F 1s the filling-level measuring device 1, which
1s mounted 1n an opening 7 1n the edge region of the cover
6. Transmission signals, in particular microwaves, generated
in the transmission circuit 9 are emitted via the antenna 8 in
the direction of the surface 5 of the filled product 4. The
transmission signals are partially reflected at the surface 5.
The reflected echo signals are received and evaluated in the
reception/evaluation circuit 10. The correct timing of the
emission of the transmission signals and reception of the
echo signals 1s carried out by means of the transmission/
reception filter 12.

If the momentary filling level g 1s within a critical
f1lling-level measuring range F_ ... .. multipath propagation
occurs, 1.. the echo signals received contain not only the
signals reflected regularly at the surface 5 of the filled
product 4 but also interference signals that have been
reflected not at the surface 5 of the filled product 4 but at the
container wall 3 or some other internal elements located in
the container 2. The internal elements may be, for example,
a stirring mechanism. If the difference 1n distance Ax=x'-x"
between the regularly reflected echo signals and the inter-
ference signals i1s equal to an integral multiple of +A/2,
constructive and destructive interferences occur. As a con-
sequence of the interferences, filling-level echo signals
which are so close together that they can no longer be
resolved by the evaluation circuit customarily used appear in
the envelope curve. In FIG. 1, the echo signals are likewise
schematically represented as a function of the transit dis-
tance (at sampling points). By means of the method accord-
ing to the invention or the apparatus according to the
invention, measuring errors caused by amplitude fluctua-
tions are eliminated.

While FIG. 1 reproduces free-field measurement, FIG. 2
shows a schematic representation of a second embodiment
of the apparatus according to the invention, 1n which the
measurement 1S performed by means of a stilling well 14.
The stilling well behaves—irom a physical viewpoint—Iike
a waveguide. The stilling well 14 1s led through an opening
15 1n a floating roof 13 and reaches into the vicinity of the
bottom of the container 2. A floating roof 13 1s preferably
used, incidentally, if the formation of an explosive gas space
above the filled product 4 1s to be avoided. While 1n the case
of free-field propagation of the electromagnetic waves mul-
tipath propagation 1s responsible for the interference signals
in the reflected filling-level echo signal, 1n the case of stilling
well measurement multimode propagation causes the inter-
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ference signals. The influence of both interference signals on
the quality of the filling-level measured value can be elimi-
nated with the aid of the solution according to the mnvention.

FIG. 3 shows a diagram which represents the measuring,
errors produced from the amplitude evaluation and the phase
evaluation, as a function of the respective filling level. The
solid line identifies the measuring errors which have been
determined on the basis of amplitude evaluation; the dashed
line reproduces the measuring errors from the corresponding
phase evaluation. It can be clearly seen that the phase errors
are much more 1nsensitive to multipath or multimode propa-
gation than the corresponding amplitude measuring errors.
Serious measuring errors only occur 1n the phase evaluation
if the measuring error arising from the amplitude evaluation
exceeds a certain limit value. This limit value corresponds to
a value of £4/4. With a wavelength of the measuring signals
of 6.3 GHz, this limit value corresponds to a measuring error
of 12 mm 1n the determination of the filling level. Up to this
limit value, a very high accuracy is achieved by the evalu-
ation of the phases of the echo signals. The advantageous
development of the method according to the invention
described below with reference to a flow diagram serves to
avold the jump 1n the measuring error in the phase evalua-
tion.

Indicated 1n FIG. 4 1s a flow diagram for determination of
the correction values K(q) according to a first embodiment.
These correction values K(q) allow a filling level value
measured 1n a container 2 to be corrected 1 such a way as
to eliminate interference signals that are superposed on the
actual filling-level echo signal on account of multipath
propagation or multimode propagation. In principle, rela-
fively great measuring errors are to be expected if the
resolution of the filling-level measuring device 1s not
adequate to determine exactly the position of two maxima of
the amplitude evaluation lying close together. As already
described above, this i1s the case as soon as multipath
propagation occurs 1n the free field or multimode propaga-
tion occurs 1n the stilling well: 1interference signals interfere
constructively and destructively with the actual filling-level
echo signal. Instead of a peak which represents the filling
level, two peaks appear, which 1s reflected 1n a broadening
or fluctuation of the amplitude maximum 1f the filling-level
measuring device does not have adequate resolution.

The program proceeds as follows: after the program starts
at point 20, the current distance A(q,) from the filling level
Jo 1s measured under program point 21. If this i1s the very
first recording of a measured value, which 1s checked under
program point 23, the correction value K, ,=K(q) is initial-
ized at the appropriate value of the stored table K(q,)
(program point 24). Incidentally, before putting into opera-
tion for the first time, this table has been 1nitialized at zero
or some other value. Therefore, every status 1s undeter-
mined. Under program point 235, the corrected distance value
is determined from the amplitude evaluation A' (q,). At point
26, this enters the phase evaluation. Under program point 27,
a new correction value K, (q,) is determined for the filling,
level g, 1n accordance with the following formula:

Ko en(0)=W(q,)-A"(q)=0(2,)-A(q= ) Ko

The new correction value K, (q,) 1s subsequently stored
(program point 28). At point 29, K(q,)=K .. (q,) is set. The
correction value determined and stored provides information
on how a measured filling-level echo signal has to be
corrected under the given conditions in the container 2 or in
the stilling well 13 1n order to provide high-quality infor-
mation on the current filling level q of the filled product 4 1n
the container 2.
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Reproduced 1n FIG. 5 1s a flow diagram for determination
of the correction values K(q) according to, a second embodi-
ment. In this case as well, the correction values K(q) allow
a filling level value measured 1n a container 2 to be corrected
in such a way as to eliminate interference signals that are
superposed on the actual filling-level echo signal on account
of multipath propagation or multimode propagation. While
in the first case the correction values K(q) are specified in the
unit of sampling points or in some other unit of distance, 1n
the present second case either correction values K(q) or the
number of corrected wavelengths A or the phase correction
values P(q) are determined and stored.

After the program starts at point 30, the current distance
A(q,) from the filling level q, is measured at point 31. If this
1s the very first recording of a measured value, which 1is
checked under program point 32, the correction value K(q)
1s 1nitialized at the appropriate value of the stored table
K(q,) (program point 33). Incidentally, before putting into
operation for the first time, this table has been initialized at
zero or some other predetermined value. Therefore, every
status 1s undetermined. Under program point 34, the distance
value is determined from the phase evaluation 1\(q,) for the
filling level q,. At point 35, a new correction value K (q,)
1s determined for the filling level g, 1n accordance with the
following formula:

K, e d0)=W(9,)~A(q0)—K 1

The new correction value K, (q,) is subsequently stored
(program point 36). At point 37, K_, {(q,)=K,.... (qy) 1s set.
The correction value K, (q,) determined and stored pro-
vides information on how a measured filling-level echo
signal has to be corrected under the given conditions 1n the
contamer 2 or 1n the stilling well 13 1n order to provide
highly accurate information on the current filling level g, of
the filled product 4 1n the container 2. Furthermore, a phase
correction value P(q,) is determined under program point
38. With this value, the corrected distance value ' (q,) 1s
calculated under point 39 1n accordance with the following
relationship:

V' (q,)=v(q,)-P(q,)-

In FIG. 6 there can be seen a schematic representation of
the stored correction values K(q) as a function of the filling
level . The filling level g 1s the value obtained from the
evaluation of the envelope curve without correction. The
points 1dentily the filling levels g at which a correction value
has been determined, preferably 1n a way corresponding to
the flow diagram represented in FIG. 3. The measuring
points lie so close together that the correction values K(q)
between the measured filling levels can be interpolated.
Each filling level g successively indicated by the measuring
device is corrected by the correction value K(q), thereby
climinating measuring errors which have been caused by
multipath propagation or multimode propagation during the
measuring operation. It 1s consequently possible by means
of the method according to the mvention or the apparatus
according to the invenfion to use one measuring device
umversally for highly accurate measurement 1n containers or
waveguides of completely different dimensions and geom-
etries.

The critical case already described above 1s sketched 1n
FIG. 7: the measuring device 1s switched off at a point in
time when not all the correction values K(q) within the
critical filling-level measuring range are available. In
addition, it 1s not possible to rule out the possibility that the
filling level has changed during the switched-off phase.
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The correction values 1 the right-hand region of the curve
(solid curve) have the status ‘certain’. They were, for
example, determined and stored 1n accordance with the
abovementioned method. At a filling level of about 16 m, the

power cuts out. After switching on the measuring device, it
cannot be guaranteed that the measurements thercafter are
correct. The reason for this is that the correction value K(q,)
obtained from the table has not yet been determined 1n a
previous measuring cycle. The status 1s undetermined, in
other words not known, and the value of K 1s a random
predetermined value, for example zero. The shape of the
curve of the correction values determined after the measur-
ing device has been put into operation once again 1s shown
in the left-hand upper region of the diagram. The dashed
curve reproduces the variation in the correction values K(q)
without the power cutting out. To prevent the possibly
resulting erroncous measurements, a global status and a
status value for each correction value K(q) are stored.

In the case represented, the correction values in the
right-hand region have the status ‘certain’ (solid curve), the
correction values K(q) in the left-hand upper region have the
status ‘uncertain’ (dashed curve) and the correction values in
the left-hand lower region have the status ‘corrected with
certainty’ (dotted curve). Correction values not so far deter-
mined have the status ‘undetermined’ and the predetermined
value, preferably zero. By further measurements, the mndi-
vidual regions that have a different status are merged with
one another. For this purpose, it may be necessary to adapt
the correction values K(q) with different status values to one
another.

LIST OF DESIGNATTIONS

1 filling-level measuring device
2 container
3 container wall
4 filled product
S surface of the filled product
6 container cover
7 opening
8 antenna
9 transmission circuit
10 reception/evaluation circuit
11 connecting line
12 transmission/reception filter
13 floating root
14 stilling well
15 opening 1n the floating roof
g, qo filling level
K correction value
(q) distance value from the phase evaluation
1'(q) corrected distance value from the phase evaluation
P phase correction value
A(q) distance value from the amplitude evaluation
A'(q) corrected distance value from the amplitude evaluation
S status value
) wavelength

What 1s claimed 1s:

1. A method for a highly accurate determination of a
filling level of a product (4) in a container, comprising the
steps of:

transmitting measuring signals 1n a direction of a surface
(5) of the product, the measuring signals being reflected
at the surface as echo signals,

determining the filling level 1n the container by evaluation
of amplitude values and phase values of the retlected
echo signals by means of a pulse delay-time method,;
and
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compensating, with a reception/evaluation circuit, for
errors which occur 1n the determination of the filling
level and are caused by interference signals which
interfere constructively or destructively with the echo
signals reflected regularly at the surface (S5) of the
product (4).

2. The method as claimed 1n claim 1, wherein a correction
value (K(q)) 1s determined and stored for selected filling
level values (q), at least within a critical filling-level mea-
suring range (F in which the interference signals are
produced.

3. The method as claimed 1n claim 2, wherein a unique
correction value (P(q)) is determined on the basis of the
determined correction value (K(q)), where P=n-A/2 with n
eZ, and wherein the phase distance value (1(q)) is corrected
in a way corresponding to the unique correction value (P(q)).

4. The method as claimed 1n claim 3, wherein gray zones
are defined, at which no unique phase correction value (P(q))
is defined after switching off and the correction value (K(q))
1s small.

5. The method as claimed 1n claim 2, wherein the starting,
filling level (q,) 1s measured, wherein the correction value
(K) is initialized at zero, wherein, starting from this starting
filling level (q,), at least the critical filling-level measuring
range (FM_,....;) 1s run through and wherein a correction
value (K(q)) 1s calculated and stored for every selected
filling level value (q) within the filling-level measuring
range (FM_,icq1).

6. The method as claimed 1n claim 1, wherein a starting
filling level (q,) 1s measured, wherein a correction value (K)
1s 1nitialized at zero, wherein, starting from this starting
filling level (qy), at least a critical filling-level measuring
range (FM .. .) i1s run through and wherein a correction
value (K(q)) i1s calculated and stored for every selected
filling level value (q) within the filling-level measuring
range (FM.,cq1)-

7. The method as claimed in claim 6, wherein, for
providing a continuous set of correction values, the correc-
tion values (K(qz), K(qg,,;)) between at least two filling
level values (q,, Q. ) are interpolated.

8. The method as claimed 1n claim 7, wherein, for
successive filling level values (q,=q,, q,.), are the correc-
tion values (K(q,), K(q,,,)) are determined as follows: for
the starting filling level (q,), the correction value K(q,) is
initialized, so that for the starting filling level g, the cor-
rected amplitude value (A'(qy)=A(qy)+K(q,)) is equal to
A(q,); for the filling level (q,.,), the difference of the
corrected amplitude value (A'(q,., 1)=A(q,, )+K(q,)) and the
phase value of the useful echo signal and the reference echo
signal 1s calculated; as soon as a deviation between the
differences of the amplitude values and the differences of the
phase values occurs for a subsequently addressed filling
level (q.; q.#q,), the corresponding deviation for the filling
level (q,) 1s subtracted from the deviation determined for the
filling level (q.,,); for each successively addressed filling
level (q,; 9,#q,), a new correction value K(q,,,)=y(q,.,)-
A'(qz,.1)=Y(qz.1)-A(q,,.1)-K(q,) 1s determined and stored.

9. The method as claimed 1n 7, wherein, 1n the case where
all the correction values (K(q)) in the critical filling-level
measuring range (Q_,;;..;) are known, that correction value
(K(q)) which has been stored for the respectlve filling level
(q) is used after switching off the measurmg device for
correcting the determined filling level and, in the case where
all the correction values (K(q)) in the critical filling-level
measuring range (FM_ .. ) are not known, the correction
value (K(q)) last stored before switching off is used for
initialization after switching off the filling-level measuring

c:riric:ﬂf)
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device (1) if it 1s ensured that the filling level (q) has not
changed in the meantime.

10. The method as claimed 1n claim 7, wherein, 1n the case
where all the correction values (K(q)) in the critical filling-
level measuring range (FM_,.....,) are not known, and if the
possibility that the filling level (q) has changed in the
meantime cannot be ruled out, a correction value (K’
(Qu,..si20.)) 18 1nitialized at zero after switching off the filling-
level measuring device (1); wherein a status value (S(q)),
which provides information on the reliability of the respec-
tive correction value (K(q)), 1s stored for each correction
value and wherein, 1n the course of further measurements,
the correction values (K'(q,,,,.;;.)) determined are adapted to
the correction values (K) already stored, the newly deter-
mined correction values (K') being corrected if need be.

11. The method as claimed 1n claim 6, wherein, for
successive filling level values (q,=qg, q,1), the correction
values (K(q.), K(q,,,)) are determined as follows: for a
starting filling level (q,), the correction value K(qy) is
initialized, so that for the starting filling level g, the cor-
rected amplitude value (A'(q,)=A(q,)+K(q,) ) 1s equal to
A(qp); for a filling level (q,,,), the difference of the cor-
rected amplitude value (A'(q,.,)=A(q,,)+K(q,)) and the
phase value of the useful echo signal and the reference echo
signal 1s calculated; as soon as a deviation between the
differences of the amplitude values and the differences of the
phase values occurs for a subsequently addressed filling
level (q,.; q,2q,), the corresponding deviation for the filling
level (q,) i1s subtracted from the deviation determined for the
filling level (q,.,); for each successively addressed filling
level (g 9z2qp), a new correction value K(_,1)=1(qz,1)-
Az, 1)=P(9s.1)-A(q;,.1)-K(q,) 1s determined and stored.

12. The method as claimed in claim 11, wherein the
correction value (K(qg)) is initialized at a predetermined
initialization value or at the value stored at q,.

13. The method as claimed 1n 12, wherein, in the case
where all the correction values (K(q)) in the critical filling-
level measuring range (Q..,;,;.,;) are known, that correction
value (K(q)) which has been stored for the respective filling
level (q) 1s used after switching off the measurmg device for
correcting the determined filling level and, 1n the case where
all the correction values (K(q)) in the critical filling-level
measuring range (FM_ ... .) are not known, the correction
value (K(q)) last stored before switching off is used for
initialization after switching off the filling-level measuring
device (1) if it is ensured that the filling level (q) has not
changed 1n the meantime.

14. The method as claimed 1n 11, wherein, in the case
where all the correction values (K(q)) in the critical filling-
level measuring range (Q..,;,;.,;) are known, that correction
value (K(q)) which has been Stored for the respectwe filling
level (q) 1s used after switching off the measurmg device for
correcting the determined filling level and, in the case where
all the correction values (K(q)) in the critical filling-level
measuring range (FM_,,,..;) are not known, the correction
value (K(q)) last stored before switching off is used for
initialization after switching off the filling-level measuring
device (1) if it is ensured that the filling level (q) has not
changed 1n the meantime.

15. The method as claimed 1n claim 11, wherein, 1n the
case where all the correction values (K(q)) in the critical
filling-level measuring range (FM_,;,;..,;) are not known, and
if the possibility that the filling level (q) has changed in the
meantime cannot be ruled out, a correction value (K’
(Qu,.si2.)) 18 1nitialized at zero after switching off the filling-
level measuring device (1); wherein a status value (S(q)),
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tive correction value (K(q)), 1s stored for each correction
value and wherein, 1n the course of further measurements,
the correction values (K'(q,,,,.;;.)) determined are adapted to
the correction values (K) already stored, the newly deter-
mined correction values (K') being corrected if need be.
16. The method as claimed 1n 6, wherein, 1n the case
where all the correction values (K(q)) in a critical filling-
level measuring range (Q_,...,) are known, that correction

value (K(q)) which has been stored for the respective filling
level (q) 1s used after switching off the measuring device for
correcting the determined filling level and, in the case where
all the correction values (K(q)) in the critical filling-level
measuring range (FM_ ... .) are not known, the correction
value (K(q)) last stored before switching off is used for
initialization after switching off the filling-level measuring
device (1) if it is ensured that the filling level (q) has not
changed 1n the meantime.

17. The method as claimed 1n claim 3, wherein, 1n the case

where all the correction values (K(q)) in the critical filling-
level measuring range (FM_ ... .) are not known, and if the
possibility that the filling level (q) has changed in the
meantime cannot be ruled out, a correction value (K
(Qu,.si2.)) 18 Initialized at zero after switching off the filling-
level measuring device (1); wherein a status value (S(q)),
which provides information on the reliability of the respec-
tive correction value (K(q)), 1s stored for each correction
value and wherein, 1n the course of further measurements,
the correction values (K'(q,,,,.;;.)) determined are adapted to
the correction values (K) already stored, the newly deter-
mined correction values (K') being corrected if need be.

18. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (5) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of received echo signals by means
of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with the echo signals reflected regularly at the
surface (8) of the filled product (4).

19. The apparatus as claimed 1n claim 18, wheremn a
stilling well (14) is provided, by which the measuring
signals are directed to the surface (5) of the filled product
(4).

20. An apparatus determining a filling level of a product
in a container, comprising: a transmission circuit (9) for
generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (8) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with the echo signals reflected regularly at the
surface (5) of the filled product (4) by determining and
storing a correction value (K(q)) for selected filling level
values (q), at least within a critical filling-level measuring
range (F ;) in which the interference signals are pro-
duced.

21. An apparatus for determining a filling level of a

product in a container, comprising: a transmission circuit (9)
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for generating measuring signals; at least one antenna (8),
which transmits the measuring signals in the direction of a
surface (5) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with the echo signals reflected regularly at the
surface (8) of the filled product (4) by measuring a starting
filling level (q,), by initializing a correction value (K) at
zero, by running through at least a critical {filling-level
measuring range (FM_ ... ,) starting from the starting filling
level(q,), and by calculating and storing a correction value
(K(q)) for every selected filling level value (q) within the
filling-level measuring range (FM_ .,..;).

22. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals in the direction of a
surface (8) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with the echo signals reflected regularly at the
surface (8) of the filled product (4) by measuring a starting
filling level (q,), by initializing a correction value (K) at
zero, by running through at least a critical filling-level
measuring range (FM_ . . ) starting from the starting filling
level (qg), by calculating and storing a correction value
(K(q)) for every selected filling level value (q) within the
filling-level measuring range (FM_,,,...;), and by interpolat-
ing the correction values (K(qz), K(qx, 1)) between at least
two filling level values (q., g, ) for providing a continuous
set of correction values.

23. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals in the direction of a
surface (5) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with the echo signals reflected regularly at the
surface (8) of the filled product (4) by measuring a starting
filling level (q,), by initializing a correction value (K) at
zero, by running through at least a critical filling-level
measuring range (FM_ ;.. ,) starting from the starting filling
level(qy), by calculating and storing a correction value
(K(q)) for every selected filling level value (q) within the
filling-level measuring range (FM__... . ), by determining
the correction values (K(q,), K(q,,,)) for successive filling
level values (q,=q,, q:.,) as follows: by initializing the
correction value K(q,) for a starting filling level (q,) so that
for the starting filling level g, a corrected amplitude value
(A'(q9)=A(qo)+K(qy)) 1s equal to A(qy), by calculating a
difference of the corrected amplitude value (A'(q,, )=A(q,.,

10

15

20

25

30

35

40

45

50

55

60

65

14

1)+K(q,)) and a phase value of a useful echo signal and a
reference echo signal for a filling level (q,, ), by subtracting
a corresponding deviation for the filling level (q,) from a
deviation determined for the filling level (q,, ;) as soon as a
deviation between the differences of the amplitude values
and the differences of the phase values occurs for a subse-
quently addressed filling level (q,; q,=q,), and by determin-
ing and storing a new correction value K(q,, ,)=y(q,,)-A'
(s 1) =W (Qrs1)-A(qps1)-K(qe) for each successively
addressed filling level (q.; q,=q,)-

24. An apparatus for determining a {filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (5) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with echo signals reflected regularly at the
surface (8) of the filled product (4) by initializing a correc-
tion value K(q,)) at one of a predetermined initialization
value and a value stored at a starting filling level (q,).

25. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (8) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with echo signals reflected regularly at the
surface (8) of the filled product (4) by measuring a starting
filling level (q,), by mitializing a correction value (K) at
zero, by running through at least a critical filling-level
measuring range (FM_ .. ,) starting from the starting filling
level(qy), by calculating and storing a correction value
(K(q)) for every selected filling level value (q) within the
filling-level measuring range (FM_,..._.;), by using the cor-
rection value (K(q)) which has been stored for the respective
filling level (q) for correcting the determined filling level
after switching off the transmission circuit (9) when all the
correction values (Kq)) in a critical filling-level measuring
range (Q_,;,;..;) are known, and by using the correction value
(K(q)) last stored before the switching off for initialization
after the switching off when all the correction values (K(q))
in the critical filling-level measuring range (FM_ .. ) are
not known but it is ensured that the filling level (q) has not
changed 1n the meantime.

26. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (5) of the filled product (4) and receives reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
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interference signals which interfere constructively or
destructively with echo signals reflected regularly at the
surface (5) of the filled product (4) by initializing correction
value (K'(q,,,.;4.)) at zero after switching off the transmis-
sion circuit (9) when all correction values (K(q)) in a critical
filling-level measuring range (FM_ .,...,) are not known and
the possibility that the filling level has changed in the
meantime is not ruled out, by storing a status value (S(q)),
which provides information on the reliability of the respec-
tive correction value (K(q)), for each correction value, by, in
the course of further measurements, adapting the determined
correction values (K'(q,,,.;z.)) to correction values (K)
already stored, and by correcting newly determined correc-
tion values (K') when necessary.

27. An apparatus for determining a filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (5) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
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destructively with echo signals reflected regularly at the
surface (§) of the filled product (4) by determining a unique
correction value (P(q)) on the basis of a determined correc-
tion value (K(q)), where P=n-2/2 with n €Z, and by correct-
ing a phase distance value (1(q)) 1in a way corresponding to
the unique correction value (P(q)).

28. An apparatus for determining a {filling level of a
product in a container, comprising: a transmission circuit (9)
for generating measuring signals; at least one antenna (8),
which transmits the measuring signals 1n the direction of a
surface (8) of the filled product (4) and receives the reflected
echo waves; and a reception/evaluation circuit (10), which
determines the filling level of the filled product (4) in the
container (2) on the basis of the received echo signals by
means of a pulse delay-time method; wherein the reception/
evaluation circuit (10) compensates for errors which occur
in the determination of the filling level and are caused by
interference signals which interfere constructively or
destructively with echo signals reflected regularly at the
surface (8) of the filled product (4) by defining gray zones,

at which no unique phase correction value (P(q)) is defined,
after switching off the transmission circuit (9) and when a
correction value (K(q)) is small.
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